Simultaneous attention to 49 spatial positions resulted in the processing of threshold information from one of those positions essentially identical to the processing when the subject knew in advance that that position would be tested. This result held true when the task consisted of detection of the presence of a briefly presented dot. The same result held true for 9 spatial positions when the task consisted of report of the briefly presented letter in the target position.
We intend to examine the limits of selective attention during early stages of information processing. Consider experiments in which information arrives simultaneously on n channels: The channels may be the two ears (Shiffrin, Pisoni, & CastenedaMendez, 1974) , diffrent skin locations (Shiffrin, Craig, & Cohen, 1973) , various visual spatial locations (Shiffrin & Gardner, 1972; Shiffrin, Gardner, & Allmeyer, 1973) , or the modalities of vision, touch, and hearing (Shiffrin & Grantham, 1974) . The subject's task in these experiments was to detect or recognize a target presented on one of the channels. Distracting stimuli were simultaneously presented on the nontarget channels, and this condition is termed simultaneous. A second condition in each experiment, termed successive, was similar to the simultaneous, except that the stimuli were presented successively on each channel in a known order, separated by as much as \ sec. Each stimulus in the successive condition was presented for a duration equal to the total duration of the simultaneous presentation. In both conditions the stimuli were preceded and followed by masks.
The surprising results in all the foregoing experiments demonstrate that performance in the simultaneous condition is equal to or better than that in the successive condition.
In other words, the successive condition, in which the subject could give complete attention to each stimulus and channel in turn, did not result in better performance than the simultaneous condition, in which all the channels and stimuli had to share attention.
To explain these findings, we developed a model that assumes that processing of information entering on various channels proceeds unaffected by subject-control processes, such as selective attention. In this model the processing of the different channels is independent except for channel-to-channel masking processes. We call the initial processing stage systemic (Shiffrin, 1975) . The result of systemic processing is a series of features of varying complexity. These are entered at once into a short-term memory system (STS) where they begin to decay rapidly and are soon lost. The subject manipulates this processing with control processes in short-term memory ; he can scan the information present in STS and make decisions about it in an order he chooses. The order of scanning is crucial, because a delay in scanning a feature may allow it to be lost from STS before it is ever reached during scanning. When selective attention results in improved performance, the model suggests it does so through control of the scanning order: The subject knows what (or where) to examine first. In the experiments cited care was taken to insure that the subject could scan all the relevant information before significant forgetting took place, even in the simultaneous conditions. In such situations there would be no ad-14 vantage to viewing stimuli successively, since the features abstracted from each stimulus display would be identical in both conditions. While the various experiments comparing successive and simultaneous inputs lend support to this theory, there are several questions still open. Most important is the determination of the number of channels which can simultaneously process information. First, we must define the term channel. In this article we use the word in an operational or functional sense: A channel is any identifiable locus in the sensory environment (spatial or temporal) which might contain a signal. Occasionally, however, channel has been used in the literature with a different meaning, which we will denote with an asterisk. Channel* refers to a class of sensory loci within which no selective attention occurs; between different channels*, therefore, selective attention does occur (e.g., Treisman, 1969) . For example, in some models, different critical frequency bands in auditory input are supposed to represent different channels* (see Green & Swets, 1966, chap. 10) . However, such a definition of channels presumes the existence of classes of sensory loci over which processing capacity is limited and between which selective attention operates. It has been our position, supported by the experiments reported earlier, that channels in this sense do not exist (or equivalently that the peripheral processing system acts as if it were a single large channel*).
It is our contention that selective attention occurs centrally, in short-term memory. We argue that selection of attention can be demonstrated between virtually any distinguishable sensory loci as long as a suitable design is chosen, one which overloads central processing capability for these loci. In any event, whether our theory is right or wrong, we regard the existence of channels* as a testable question, and cannot assume their existence as an axiom. It is for these reasons that we use the term channels in an operational sense, referring merely to the loci in which stimuli are presented. We ask how many channels or loci can be perceived without loss of accuracy of processing (or, in other terms, how many loci can make up a single channel*).
The experiments to date have limited the number of channels (and hence the number of simultaneous stimuli) to a maximum of four. The obvious course is an extension of the successive-simultaneous method to more stimuli and channels. However, our model predicts that, when a large enough set of stimuli is used, the simultaneous condition will show a performance drop relative to the successive condition. The drop should occur when so many stimuli are presented simultaneously that some features are lost from short-term store before they can be scanned and utilized in the decision process.
If the simultaneous-successive procedure cannot be usefully extended to a large number of stimuli, an alternative experimental procedure must be found. We decided to utilize a variant of the postdisplay cuing method. In the control condition the subject is told in advance of the trial which channel will contain the target. In the experimental condition the subject is not told the location of the target until after the completion of the presentation. If the postpresentation cue is effective enough, then we predict no difference between the conditions regardless of the number of channels. According to our model, the two conditions will give equal performance only if the postdisplay cue is immediately perceptible and does not, itself, cause interference with perception of the target. The latter problem can be handled easily by presenting the postdisplay cue in both conditions (even though it is not needed in the control condition).
The problem of picking an efficient postdisplay cue is nontrivial, however. Sperling (1960) used a tone as a postdisplay cue in his demonstration that a great deal of visual information (at least 18 letters) entered memory but was forgotten rather quickly (within a second, say). In Sperling's experiments the estimated decay rates ranged from several hundred milliseconds, upward, but in all his conditions the individual letters were well above threshold for detection-in fact an entire row of three letters could be reported without error when the postctisplay cue occurred at display offset. The decay time for visual information that is presented just at the threshold for detection (as must be the case in our experiment) is unknown, but could be expected to be considerably faster. Thus a tonal cue may be effective for slow-decaying, abovethreshold information, but may not be effective for faster decaying threshold stimuli. In any event, tones are obviously not a viable candidate for postdisplay cues when one intends the cues to discriminate 49 stimuli. Even if one could learn to discriminate 49 tones, the time required to do so would be far from negligible. A related technique was adopted by Averbach and Coriell (1961) . They utilized a visual postdisplay cue-a bar marker indicating the letter to be reported. However, such a cue laterally masks the letter to be reported, and we prefer to use a postcue which does not mask or interact with the target to be reported.
An efficient cuing technique was suggested by the work of Hogben and DiLollo (1974) . The subjects were asked to detect the position of a missing dot in a regular 5x5 grid of dots, which they could do quite efficiently. By presenting the dots in the grid successively in time, Hogben and DiLollo demonstrated that the dots in their displays decayed in about 160 msec. For our purposes, it is sufficient to note that a missing point in a regular array of points should be an ideal postdisplay indicator. The target position is precisely shown, and yet no postdisplay visual stimulation is present in the target position. Our Experiments 1 and 3 utilized just such a postdisplay cue for displays of dots and letters, respectively. Experiment 2 used dot displays but a somewhat different cue. In all experiments we compare the subjects' ability to recognize a target presented at the center of a display in two conditions: (a) A condition where they were told in advance that the target would be in the center, and (b) a condition where all positions could be tested, and subjects were not cued on target position until after the display. In the second condition, we selected out for comparison those trials in which the enter position was tested.
EXPERIMENT 1 Method
Subjects. Five undergraduates at Indiana University volunteered and were paid $2 per session. The four females and one male took part in from five to seven sessions each. Sessions were selfpaced and lasted about SO min. on the average. Equipment. A 7 X 7 grid of dots was used. The randomizations, visual displays, and collection of data were controlled by a PDF 8e Digital Equipment Corp. computer. The displays were presented on a VR14 cathode ray display coated with a P-24 fast-decay phosphor. Each subject was run individually.
Procedure. The display sequence is shown in Figure 1 . The subject first saw a central fixation point until he or she started the trial by a response on a keyboard. The dot disappeared for 500 msec followed by one of two target displays: On 50% of the trials all 49 dots were present, and on 50% of the trials one of the 49 dots was missing. The target display was presented for a period of time that was adjusted for each subject and display position to be near threshold (see Results) but averaged about 15 msec. The target display, with a duration that is termed the target duration, was followed by the cue display that had one dot missing, the position of the missing dot serving as a cue for the target position. The subject was asked to tell whether the cued position did or did not contain a dot in the preceding target display. (On all trials in which the target display contained a missing position, the cue display was missing a dot in that same position). The cue display remained on until the subject made a response; a visual cue then gave feedback concerning the correctness of the response. Speaking phenomenologically, the missing position would either appear to contain a brief dot or would not, and the subject's task was to discriminate between these two situations. Then the next trial began.
The display subtended a visual angle of 10°, and the horizontal and vertical spacings were equal.
There were three conditions in the experiment, which were run in separate, alternating, blocks of trials. In the Cue 1 condition, the subject was told in advance that the tested position would always be the center position and was instructed to "give all his attention to the center position." A block in this condition consisted of 10 trials. In the Cue 9 condition the subject was told in advance that the tested position would be one of the positions in the central 3X3 square of dots. The subject was instructed to give all his attention to the 8 dots surrounding the center dot but was told there would be occasional tests of the center position. A block consisted of 36 trials, 4 tests of the center position and 4 tests of each of the surrounding 8 positions. The order of testing of these positions was randomized. In the Cue 49 condition the subject knew that any of the 49 positions might be tested and was instructed to pay attention to all positions outside the center position but was told All positions were tested in random order. In all three conditions there was a probability of .5 that the tested position in fact contained a dot.
Because acuity drops for positions toward the periphery of the displays the target duration was adjusted for each target position so that the probability of correct recognition would be approximately 75% for all positions. The appropriate durations for each position were determined during several preliminary sessions in which blocks of trials were run on pairs of diagonally opposite positions. When all positions had been assigned durations during pretesting, the relative ratio of these durations across positions was maintained throughout the experiment, proper, although all durations were occasionally raised or lowered by a constant factor in order to maintain performance at about the 75% level. Note well, however, that these durations were constant across the Cue 1, Cue 9, and Cue 49 conditions, and no alterations of durations were allowed unless an equal number of blocks of each condition had been completed. Thus, any group of three blocks contained one block on each condition, and the durations of the target display were identical for corresponding positions in each of the three blocks. A number of practice and adjustment sessions for each subject preceded the experiment, proper. These practice sessions are not included in the data below.
Results
The probability of making a "present" response when a signal is present is the hit rate, and the probability of making a "not present" response when no signal is present is the correct rejection rate. The hit rates were generally lower than the correct rejection rates though there were many exceptions for individual subjects and conditions. We will restrict the following discussion to the average of the hit and correct rejection rates, that is, the probability of correct detection, or performance.
(An alternative method of analysis would be to use the hit and correct rejection rates to calculate d' values from tables which assume normality and equal variance of underlying "signal present" and "signal absent" distributions. This procedure was not followed because the underlying assumptions of normality and equal variance cannot be even roughly verified when only a single point on an ROC curve is available, as is true in the present case. In any event, the d' data was analyzed and showed the same pattern of results as the probability data. The same was true for the data from Experiment 2.
The most interesting results of Experiment 1 are the comparisons of corresponding points across the three conditions. Table l(a) lists the center lot performance for each subject, and the mean across subjects, for each of the three conditions. Also given are the differences between each pair of conditions. The standard deviations of the gives the average performance for each subject and the mean across subjects for the 8 positions immediately surrounding the center dot in the Cue 9 and Cue 49 conditions. As can be seen, these results are essentially alike. Additional analyses 'were carried out comparing the performance at each of the inner 8 positions, separately, but again there are no appreciable differences between conditions. The average probability correct for the Cue 49 condition for the outer 40 positions for subjects 1-5 are .81, .70, 76, .81, and .80, respectively; the mean of these is .77.
The target display durations for each position for each subject were adjusted so that probability of correct detection was roughly about 75%. These durations showed considerable variation across subjects ranging from about 2 msec for the center position to a maximum of about 40 msec for the positions on the major diagonals just interior to the corner positions of the arrays. Thus, as might be expected, a considerable variation in detectability occurred across positions, the center position being the most easily detected. In no case, however, did performance at any position differ as a function of the condition. The average target display duration across subjects, sessions, and positions, was 14.8 msec.
Discussion
Either the subjects could not differentially distribute attention across the three conditions, or the effects of attention distribution are essentially negligible. For example, the center position was detected equally well whether the subject was attending to the outer positions of the array or to the center position only. Of course, the subject was fixating at the center of the display in each case. If this requirement were not fulfilled then the conditions could not be compared, since detection varied with display position.
It is for this reason that advance cuing was given only for the center position, or for positions located symmetrically about the center (as in the Cue 9 condition).
In summary, the results extend earlier findings that four spatial positions could be attended to simultaneously without loss. We now see that for simple detection, when an effective postdisplay cue is utilized, 49 positions can be simultaneously attended to without loss at any one position, One might think this result is somehow due to the seeming simplicity of the task. Therefore we carried out Experiment 2 as a sort of reversal of the detection situation in Experiment 1. In Experiment 2 the subject was asked to detect the absence of a dot in an otherwise filled array.
EXPERIMENT 2 Method
All details were identical to those of Experiment 1 with the exception of those listed below.
Siibjccts. Four new male subjects, and one female from Experiment 1 took part in Experiment 2.
Procedure. The display sequence is shown in Figure 2 . At the subject's start signal, all 49 dots appeared and remained on for 500 msec. Then the target display appeared. The target display consisted of all 49 dots, or all 49 dots minus a single dot (position chosen as in Experiment 1). After presentation of the target display for a threshold duration, depending upon subject and position, the cue display appeared and remained on until the subject responded. The cue display consisted of a single dot in the target position. The subject responded by noting whether the target display did or did not contain a dot in the target position. Phenomenologically, the subject's task appeared to him or her to be the detection of a possible brief gap in the presentation of the dot in the target position.
Results
Table 2(a) gives the probability of correct detection in the center position as a function of condition and subject. Also given are the differences between each pair of conditions. The mean differences are .0684, .0374, and .0320, and the standard deviations of the mean differences are .0142, .0169, .0160 for the Cue 1 -Cue 49, Cue 1 -Cue 9, and Cue 9 -Cue 49 differences, respectively. Thus in this case a significant advantage for advance cuing of the center dot appeared. Table 2 (b) gives the average performance for the 8 positions immediately surrounding the center position, for each subject and the mean across subjects for the Cue 9 and Cue 49 conditions. The mean difference across subjects is .026, and the standard deviation of the mean difference is .011. Thus, here too, a significant advantage for advance cuing appeared.
(Additional analyses of the cuing advantage position by position, shows no essential deviations from these average results.) The average probabilities of correct detection for the Cue 49 condition for the outer 40 positions for each subject are . 75, .85, .79, .86, and .74 ; the mean of these is .80.
The target durations ranged from 20 msec for the center position to about 60 msec for the positions on the major diagonal just interior to the corner dots of the display. Averaging across positions, subjects, and sessions the mean target duration was 42.4 msec.
Discussion
In a situation very similar to that of Experiment 1, except that gaps rather than dots were to be detected, subjects showed a small but significant advantage when advance cuing was used. Why do the two experiments give differing results? One possibility is that a dot (as in Experiment 1) persists for a relatively long duration be- fore decaying, thereby allowing the postdisplay cue to take effect before the information is lost. On the other hand, a gap in a signal (as in Experiment 2) may decay much more quickly from memory, perhaps so quickly that the postdisplay cue could not be utilized before some relevant information had decayed. Indeed, there is some evidence in the auditory literature that this may be the case (Penner, 1975) . Other factors could cause an advance cuing advantage, such as (a) selective attention, or (b) a less central eye fixation in the peripheral attention conditions (Cues 9 and 49). However, these and other explanations do not provide a basis for the differential results of Experiment 1 and Experiment 2. If those factors were true, they should have had an effect in both experiments; therefore, we favor the explanation based on differential decay rates. (We plan to test this assumption in future experiments.) It should be noted that these experiments place a maximum limit upon the effects of selective attention, but do not imply that any difference found is actually due to selective attention during perception. Thus, Experiment 1 showed essentially, no selective attention operating, while Experiment 2 showed that even if all the differences in performance were due to selective attention (which we doubt) the size of the attention effect is small (<6% in probability correct). Taking the two experiments as a group, attention effects should have applied equally to both. Therefore, we prefer the conclusion that the differences between conditions in Experiment 2 were due not to selective attention but to some other factor, possibly differential memory decay rates for the two targets.
We next decided to extend the paradigm to include alphanumeric characters as targets. Although we would have preferred to present arrays of 49 letters, our equipment and programming capabilities did not allow us to present that many characters. Therefore, we presented arrays of nine letters, and asked the subjects to report the letter in the cued position.
EXPERIMENT 3 Method
The design of Experiment 3 was similar to that of Experiment 1 with the exceptions mentioned below.
Subjects. There were five new male subjects, paid $2 per session. They took part in about six sessions, each of 50 min. duration. The first two sessions were used for duration adjustments and the third was practice. In the remaining three sessions the first block was practice and is not included in the scoring.
Procedure. The basic trial sequence is depicted in Figure 3 . The subject viewed a central fixation dot until he started the trial with a button response, when the fixation dot was removed for 500 msec. Then a 3 X 3 nine-letter targe display was presented. The letter at each position was chosen randomly. This target display remained present
TIME (MSEC)
FIGURE 3. A sample trial sequence for Experiment 3. (The subject was either told or not told in advance which position would be probed. The time in parentheses indicates that the display time and intensity were adjusted for each subject and position.) for a target duration which was chosen during pretesting for each position so that performance (probability correct choice) would be in the .5-.7 range. The target duration was a coarse adjustment. In addition, the display intensities at each position were adjusted to achieve the desired performance level. Following the target display was a cue display, consisting of the target display with one of its letters deleted. The empty display position was a postdisplay position cue. This display remained present until the subject responded. His task was to identify the letter in the cued position, guessing if necessary. He responded by depressing the appropriately labeled key on a keyboard.
There were two conditions, Cue 1, in which the subject knew in advance that the center position would be tested, and Cue 9, in which the subject was told to place his attention on the outer eight positions but was told that there would be occasional tests of the center position, nonetheless. A block of Cue 1 trials consisted of 25 trials, and a block of Cue 9 consisted of 73 trials. These blocks were always run contiguously, in a random order, with target durations fixed. A Cue 9 block consisted of 6 tests of each of the outer eight positions and 25 tests of the center position, in random order. The target duration was occasionally adjusted, if necessary, but only after an equal number of blocks of Cue 9 and Cue 1 had occurred. The subject in each session ran an even number of blocks, the number depending on his speed. He took part in enough sessions to complete 10 nonpractice blocks in each condition.
The letters making up the arrays were constructed of dots in a 5 (horizontal) by 7 (vertical) matrix. Each letter occupied an angular diameter of 1.6° by 2.0°, and the entire display covered 8°b y 8°. Phenomenologically, the subject saw a display of 9 letters, one of which was turned off after a brief exposure. His task was the identification of the briefly exposed letter under conditions where he did or did not know that letter's position in advance.
Results
The probability of correct identification of the center letter for each subject and condition, the differences between the conditions, and the mean across subjects, are given in Table 3 . The mean difference is .018 in favor of the Cue 1 condition with a standard deviation of the mean difference of .018. Clearly this difference is not significant. The average probability correct in the Cue 9 condition for the outer eight positions for each subject are . 54, .35, .45, .64, and .66 ; the mean of these is .53.
The target display durations ranged from 8 to 20 msec, but fine control of performance was achieved by manipulating the intensities of the letters at the various positions. For all subjects, the intensity of the center letter was set to a lower value than that of the surrounding letters.
Discussion
This experiment was .similar to Experiment 1 in that the signal was a nonmasked stimulus in a given position. The results are also similar in that a slight and nonsignificant effect of advance cuing are seen.
As a general comment on the import of the results of the three experiments for selective attention, we can safely say that any effect of attention upon the quality of processing was minimal at best. One might argue that our subjects all ignored the instructions and the nature of the task and distributed their attention without regard to the condition. We cannot disprove this possibility, but one of the essential prerequisites of selective attention is the ability of the subject to manipulate its allocation. It seems reasonable that the subject would allocate some of the attention given to the center position in the Cue 1 condition to the outer positions in the Cue 9 condition, even were the subject given no explicit instructions to do so.
1 Thus it seems most parsimonious to conclude that in these situations the subjects either had no ability to allocate attention, or that any differential allocation of attention had no effect on the accuracy and quality of information processing. It would, of course, have been desirable to have been able to devise a condition in which the subject was told in advance which of the outer positions would contain a target. However, such information, by inducing the subject to shift his fixation point to the known target position, would make comparisons with the other conditions useless, since detection probability changes when fixation changes.
Our task in the three experiments may be viewed as a comparison of spatial certainty versus spatial uncertainty. It is natural to draw comparisons with the studies in the auditory domain comparing frequency certainty with frequency uncertainty (see Green & Swets, 1966, chap. 10) . In these studies the single-band model assumes a distribution of selective attention and the multiple-band model assumes simultaneous processing from all frequency regions. We cannot review this literature here, but we believe the basic mechanisms to be the same. That is, frequency certainty or uncertainty should not affect the quality of sensory processing of the stimulus at any given frequency ; rather, frequency knowledge should affect the subsequent memorial and decision processes. On the whole, the data are consistent with this view.
In summary, then, we have, in these experiments, extended our earlier findings that four spatial channels could be attended simultaneously and processed as effectively as when only one was attended. We show that many spatial positions can be attended simultaneously without essential loss of processing quality; 49 positions when dots are targets and 9 positions when letters are targets. Equivalently, in the terminology discussed in the introduction, we can say that the visual field covering the 49 spatial positions appears to act as a single, unitary channel*. The results lend support to the view that perceptual processing is automatic, (systemic processing, in the terminology of Shiffrin, 1975) , not under subject control, and that selective attention is the result of subsequent processes in short-term memory.
1 It was for this reason that the target durations and intensities (in Experiment 3) were adjusted position by position. If the outer positions had given much lower performance than the center position, the subject might have been induced to place all his attention on the center position in both conditions.
Other models of this type, that are also supported by the results, are those of Deutsch and Deutsch (1963) , Hochberg (1970) , LaBerge (1975) , and Posner and Warren (1972) .
